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THE BEARING OF SELECTION EXPERIMENTS WITH DROSOPHILA 
UPON THE FREQUENCY OF GERMINAL CHANGES 

By Edwin Carleton MacDowell 

STATION FOR EXPERIMENTAL EVOLUTION. CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by C. B. Davenport, March 5, 1917 

Biologists generally agree that changes in the germ plasm do occur. 
On the other hand, there appears to be considerable disagreement re- 
garding the frequency of these spontaneous changes. Some experi- 
ments, as illustrated by the work of Pearl, Hj. Nilsson, De Vries, Tower, 
and Johannsen, 1 are more easily analyzed by supposing that changes in 
the germ plasm occur very rarely in comparison with the number of 
generations of individuals studied, so that the origination of new races 
by selection is not generally possible. Other experiments, notably those 
of Castle, Smith, Middleton, and Jennings (on Difflugia), 2 have been in- 
terpreted as showing that such changes are occurring so frequently that 
they may be found in each generation, and so afford a basis for selection 
to make continuous progress. As long as different experiments lead 
their authors to such different conclusions, no broad generalizations as to 
the scope of the evolutionary significance of selection may be drawn 
without the most intimate and critical consideration of all other related 
investigations, and, accordingly, all additional evidence that may be se- 
cured has an important bearing. 

The familiar Mendelian units are currently conceded to arise sud- 
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denly, as conspicuous changes, or mutations. But the question is not 
settled as to how frequently, after their appearance, further changes may 
occur in these units. It is upon this special phase that the results here 
presented have their bearing. 

Most banana flies {Drosophila ampelophila) have four conspicuous 
bristles on their backs. A mutation occurred which permitted more 
than the normal four bristles to develop in this special region of the back. 
From one pair of flies produced by germ plasm bearing this mutation, an 
extra-bristled race was established (MacDowell) 3 . This race was distin- 
guished from the normal wild race by one Mendelian unit, as was shown by 
crosses which gave first generations with no extra bristles and second gen- 
erations (F 2 ) in which one quarter of the flies had extra bristles. The 
number of extra bristles in this race was variable; experiments showed 
that this was largely due to the amount of food eaten during the develop- 
ment of the flies. Large flies, those from flourishing culture bottles, 
had numerous extra bristles, while small flies, those from mouldy, or 
old, dried up cultures, had few, or even no extra bristles. But even 
when no extra bristles developed, these flies, when given fair breeding 
conditions, produced offspring all of which had extra bristles. To dis- 
cover any changes in the inherited basis of this character (extra bristles), 
selection for increased bristle-number was carried on for 49 generations. 
During this time every mating was made between brothers and sisters 
in pairs. Considerably over 100,000 bristle-counts form the basis of 
the following discussion. 

Two conditions must be met before selection can modify the means 
of a race. First there must be genetic differences between individuals, 
and second, these differences must be manifest to some extent in the 
somatic structures of the individuals. In other words there must be 
some tendency for extreme variates to bear extreme germ plasm. 
To measure this relation between soma and germ plasm, the coefficient 
of correlation is especially fitted. It is an expression of the degree of 
similarity existing between parents and offspring. All the data ob- 
tained from the inbred extra-bristled race were cast into tables corre- 
lating the grades of the parents and their offspring in each generation. 
The coefficients calculated from these tables show that there is an un- 
questionable positive correlation between the grades of the parents and 
offspring in the first six generations; the coefficients for these generations 
are statistically significant. In the subsequent generations no further 
evidence of any positive correlation is to be found that has biological 
significance. The coefficients are sometimes plus and other times minus, 
but without any consistency or regularity. In most cases they are not 
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significant in comparison with their probable errors ; in some cases they 
are clearly significant. This means that in most cases there was no 
tendency for high grade parents to have higher grade offspring than low 
grade parents. In individual generations higher parents did produce 
offspring of somewhat higher grade, but then in others higher parents 
actually produced offspring of lower grade than did the lower grade 
parents. These facts indicate great independence between the grades 
of parents and offspring in all but the early generations; they lead one 
to expect to find that the selection of high variates during the early 
generations has modified the means of the race, but that later on the 
same process has failed to make further progress. What actually 
happened is shown in figure 1, which represents the means of the high 
selected race. 
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FIG. 1. MEANS OF THE OFFSPRING FROM 49 GENERATIONS OF SELECTION FOR 
INCREASED NUMBER OF EXTRA BRISTLES 

Due to a change in method the means in generations following the 29th tend to be higher, 
and therefore can not be compared with the preceding ones. 

The means of the males are consistently lower than those of the females, 
but the close parallelism of the curves serves to substantiate the correct- 
ness of the means as descriptions of the different generations. As ex- 
pected, the means steadily rise for the first few generations; after this 
they fluctuate. It will be noted that the highest point in the curves 
appears in the 29th generation; this high point immediately follows the 
removal of the breeding bottles to a constant temperature room in which 
dry summer heat was automatically maintained. Moreover, due to 
a change in method, in the subsequent generations the means tend to 
be higher than those in the generation preceding the 29th. It remains, 
then, to compare the means before and after the 29th, separately. 
Where the means show regular advance, the correlation coefficients 
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are regularly positive and significant; where the means are irregulars 
and seem to depend mainly upon environment, the correlation coefficient, 
are irregular, plus and minus, and in general not statistically significant. 
It is important to understand that this failure of selection can not be 
explained by physical incompatibility in the soma. There is obviously 
plenty of room for many more bristles than are generally found and, in 
a few cases where very rare conditions happened to be experienced by 
individual flies, such extreme grades as 12, 13 and 16 extra bristles have 
been found, whereas the most frequent high extreme is 9 extra bristles, 
and the characteristic mean of the race seems to be 4.75. It may be 
concluded that at first there were differences in the germ plasm of the 
different flies and these differences were manifest in the somatic ap- 
pearance, even though environment was also causing variations; later, 
due to the selection, such germinal differences between individuals as 
were clearly observed at the beginning were no longer found. 

As further evidence for this conclusion the following experiment may 
be described, which meets the objection that the narrow range of parents 
selected in the later generations might account for the absence of corre- 
lation. Accordingly, selection was suspended for three generations 
and as far as facilities would permit, all the progeny of one pair of flies 
in the 50th generation were bred in pairs for three generations without 
respect to their grades, the only restriction being that matings were made 
of flies of the same or within one of the same bristle grade, and only 
virgin females were used. All the offspring were counted and graded. 
In the second generation of this experiment over 4000 flies were graded, 
in the third generation, 27,000. 

For these generations the correlation coefficients were as follows: 

Males— 2d generation, r-0. 1436 ± 0.0995; 3d generation, r-0. 0271 ±0.0391 
Females— 2d generation, r-0. 1378 ± 0.0997; 3d generation, r-0. 0221 ± 0.0391 

This shows that the higher grade parents did not have any tendency to 
produce higher grade offspring than the lower grade parents, and there- 
fore, that the failure of selection to produce further changes in the means 
of the race, is due to the absence of such genetic differences, as were 
originally present. 

From quite a different source comes evidence that the early genera- 
tions of selection modified the genetic constitution of the race. Start- 
ing from the second selected generation a race of low grade flies was 
formed in one generation by selecting low grade flies as parents. The 
means of this race were entirely distinct from those of the high selected 
race; as the high race rose, this race remained low. Since it is known 
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from the correlation coefficients, that the higher grade flies were pro- 
ducing higher offspring at this time, it is entirely within expectation 
to find that the lower grade flies could produce lower grade offspring. 
On the other hand, when flies of similar low grades were selected from 
the 16th generation of the high selected race, and the selection of low 
grade parents continued for 8 generations as a return selection series, 
the means of the offspring were not significantly lower than those of the 
corresponding generations in the high selected race. In fact the suc- 
cessful result of selecting low grade parents of the same grades in the 
second generation was not even approximated. The correlation coeffi- 
cients indicated that flies with different grades were not differentiated 
genetically in the 16th generation; these breeding tests support the same 
conclusion. The line from low parents started from the 16th genera- 
tion, was lost after 8 generations; since low grade flies are the smaller 
ones, this selection, besides separating low grade flies, isolated weak ones. 
This accounts for the reduction of vigor and the final loss of the race. A 
second return selection was started from the 27th generation of the high 
race. For three generations the means of this fine closely resembled 
those of the high race, but the weakening effect was soon manifest in 
the small numbers of offspring and the lowered means, and shortly, in 
the loss of the race through the failure of the selected flies to reproduce. 
A still further test has been made of the conclusion already stated. 
If the dissimilar genetic behavior of the unselected and the long selected 
flies rests on a sorting out of differences in the germ plasm, it should be 
possible to bring back these differences by crosses with flies that might 
be supposed to have germ plasm still bearing these differences. Flies 
from the 17th generation were crossed with wild normals; from the extra- 
bristled flies that appeared in the second generation, low grade parents 
were selected. These at once established a low grade race that gave 
means constantly and unquestionably lower than the high selected race; 
no variation in the environment was great enough to confuse them. 
This low race did not show any signs of weakening on account of the 
selection of low grade flies; it was continued for 19 generations and gave 
large families. The reason for this is that all the flies, even the large 
well fed ones, had fewer extra bristles than the flies in the uncrossed high 
selected race; their germ plasm was different. It is very evident that 
the results of this crossing can not be explained on the basis of non- 
genetic physiological causes, as Castle 4 has suggested may explain the 
very closely parallel results of his crosses with self-colored and hooded 
rats. In spite of this recent interpretation, it is well to note that Castle 
has given unmistakable evidence that his crosses involved genetic modi- 
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fication. By plus selection from hooded rats that came from a cross 
between the minus selected race and wild, the minus race was immediate- 
ly transformed into the plus race, whereas similar plus selection from the 
minus race without the cross with wild, required 6 generations to move 
the means even up to the "0" grade. 

There are then, four lines of evidence that support the conclusion that 
selection, in the case of extra bristles has separated genetic differences, 
or units, that existed at the beginning of the experiment, and that did 
not reappear de novo: (1) at first correlation coefficients are constantly 
positive and significant, later they are mainly not significant and fluctu- 
ate between positive and negative; (2) selection advances the means at 
first, later it does not; (3) before selection makes its advance, return, or 
low, selection separates a distinct race, while afterwards, the same pro- 
cedure fails to accomplish the same result, however, (4) if a cross with 
normal precedes, the low selection becomes as effective as it was at the 
beginning. 

As the material under discussion does not constitute a pure line in 
any sense, the conclusions drawn do not have any immediate bearing 
on the pure line theory. Moreover, environment plays such a con- 
spicuous role that nothing positive can be said about any hypothetica 
variations in the germ plasm that may be hidden by variations in the 
environment, and accordingly be too small to be determinable. It may 
be suggested that if the environment were not such a controlling factor, 
or if it were possible to reduce the variability of the environment, smaller 
changes in the germ plasm might be discovered. This claim may be 
made for any work in selection that could be imagined; no failure of 
selection, however stationary the environment may seem to be, can 
escape this claim, namely that variations in the germ plasm may be 
taking place, although they are not distinguishable in the soma. The 
claim may be made, but it will give neither the breeder, nor natural selec- 
tion any opportunity to make progress. It appears that instead of 
offering a fatal objection to the work here reported, the evident environ-, 
mental factor serves well to emphasize the utter futility of attempting 
to deal in theory or fact with supposed germinal phenomena that can 
never be demonstrated or utilized. The variations in environment 
commensurate with the viability of the fly are great, but they do not 
hide the fact that there are germinal differences in regard to the numbers 
of extra bristles; they do not hide the fact that two races may be raised 
at the same time under the same conditions and maintain their individ- 
uality; nor do they explain the fact that after selection has made a cer- 
tain amount of progress it is no longer possible to raise the means of 
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the race any further and no longer possible to separate two distinct 
races by selection without a cross with normal. 

The conclusions that logically follow from the preceding discussion 
are that (1) extra bristles are primarily occasioned by one germinal unit 
and further influenced by other germinal units, and (2) that no change 
that could have either evolutionary or practical significance has oc- 
curred in these units during the 50 generations of the experiment. 
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3 MacDowell, E. C, /. Exp. Zool., Philadelphia, 19, (61-98). 
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PRESSURE PHENOMENA ACCOMPANYING THE GROWTH OF 

CRYSTALS 

By Stephen Taber 

DEPARTMENT OF GEOLOGY. UNIVERSITY OF SOUTH CAROLINA 
Communicated by J. C Branner, February 26, 1917 

Under suitable conditions crystals grow in directions in which growth 
is opposed by external force. This fact appears to have been first 
observed by Lavalle in 1853. 1 It was denied, however by Kopp, who, 
after making certain experiments, stated that he was never able to ob- 
serve anything tending to confirm the view that a crystal can raise it- 
self in order to grow also on the side on which it rests. 2 Subsequently 
the observations of Lavalle were confirmed by Lehmann 3 and others. 

Becker and Day seem to have made the first attempt at determining 
the magnitude of the force developed during crystal growth. In their 
experiment, a crystal of alum supporting a weight was covered with a 
saturated solution of alum, and supersaturation was induced by evap- 
oration. The crystal increased in size through growth on the lateral 
exposed faces which were also extended downward, thus lifting the 
crystal together with its load. The deposition of new material on the 
lower surface was restricted to the periphery, so that a hollow face was 
gradually formed by the downward extension of the new growth, and 
the crystal rested on a very narrow outer rim. The area of this rim was 
determined with difficulty, but repeated measurements led to the con- 
clusion that "the force per unit area which the crystals exert .... 



